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ABSTRACT 
The disposal of aquaculture waste from freshwater pond systems on the Mekong Delta, Vietnam, is causing serious pollution of water-
ways. Currently, there are few treatment options available for aquaculture wastes. This study investigates the use of vermicomposting to 
treat the solid component of the waste, aquaculture sludge (AS). Perionyx excavatus was used to vermicompost various proportions of AS, 
rice straw (RS) and water hyacinth (WH). Worm mortality rates ranged from 28 to 77% but there were no significant differences between 
treatments. Worm reproduction appeared to be increased where higher proportions (> 80%) of AS were used however the treatment with 
100% AS had the lowest number of juvenile worms (1.3 ± 0.3 per 50 g substrate). Total N increased significantly with increasing bulking 
material and final values ranged from 0.4 to 0.9%. Total phosphorus (P), potassium (K), manganese (Mn), magnesium (Mg), calcium (Ca), 
and available P and K were significantly higher in treatments with WH than treatments with RS as a bulking material due to the initial 
composition of this material. It was concluded that AS from freshwater pond systems on the Mekong Delta can be effectively treated by 
vermicomposting and may have potential for subsequent use as an agricultural fertiliser. 
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INTRODUCTION 
 
On the Mekong Delta (MD), in the south of Vietnam, aqua-
culture is a prominent industry with gross output increasing 
significantly in recent years (Son et al. 2001). However, 
large amounts of waste are also produced by aquaculture 
farms on the Delta (Phuong 1998). It is estimated that 450 
million cubic metres of solid and liquid aquaculture waste is 
discharged annually directly to water sources without treat-
ment. Such disposal results in localised water pollution in 
the form of increased suspended solids, higher nutrient 
levels and a fall in dissolved oxygen, all of which can lead 
to eutrophication of the receiving waterway (Cripps 1995). 
Aquaculture in the MD includes a variety of different 
systems including freshwater pond culture, shrimp culture, 
mangrove farming, shrimp/mangrove farming, crab culture, 
crab/mangrove farming and integrated rice/fish farming 
(Estelles et al. 2002). Although saltwater aquaculture is a 
fast-growing industry in Vietnam (especially shrimp far-
ming), freshwater aquaculture contributes more than half 
the total aquatic production of the region annually (Hao et 
al. 2001). Earth ponds are the most widely used system for 
freshwater aquaculture due to their relatively cheap cons-
truction and maintenance costs and low technology design 
(Midlen and Redding 1998). Earth ponds are typically 100-
500 m² in area, 3-5 m in depth with a mean annual produc-
tion of 4.8 tonnes of fish/ha (Phillips 2002). 
Recently, investigations regarding alternative aquacul-
ture waste disposal options have begun on the MD. Cao et 
al. (2009) report on the treatment and recycling of pond 
wastewater and solids onto agricultural crops, primarily rice 
(Kim et al. 2010). The present study is directed towards the 
treatment and recycling of solid aquaculture waste, or aqua-
culture sludge (AS) which is composed of fish waste and 
uneaten fish food that settles at the bottom of the fish pond 
(Cripps and Bergheim 2000). Although the direct applica-
tion of this waste to crops is carried out in some circum-
stances, the production of odours and contamination of the 
crops with pathogens can be problematic and thus some 
form of treatment or processing of this waste is desirable. 
Vermicomposting, an established organic waste treat-
ment technology, was proposed as a possible treatment ap-
proach for AS. It is defined as the joint action of worms and 
microorganisms to stabilize and transform organic wastes 
into nutrient-rich end-products (Aira et al. 2002; Bajsa et al. 
2003). On the MD, vermicomposting is practiced for the 
treatment and processing of cow manure and produces two 
potentially valuable outputs in the form of organic fertiliser 
(vermicompost, VC) and high protein animal feed (worms) 
(Cao, pers. comm.). 
A considerable amount of research is available regar-
ding the vermicomposting of other wastes, such as sewage 
sludge, paper mill pulp and textile mill sludge (e.g. Bajsa et 
al. 2003, Elvira et al. 1997, and Kaushik and Garg 2004, 
respectively). One of the key variables which affect the abi-
lity of worms to VC sludge is the type and amount of a bul-
king material mixed with it. The bulking material can affect 
the efficiency of vermicomposting, worm survival and rep-
roduction rate (Domínguez et al. 2000), and the final nut-
rient composition of the waste material (Garg et al. 2006). 
The main functions of a bulking material are to: provide ad-
ditional carbon; increase air voids within the waste; and 
reduce the bulk weight of the waste mixture (Haug 1993). A 
wide variety of materials have been used as bulking mate-
rials, some of which include: 
  cardboard, dry leaves, woodchips (Maboeta and Rens-
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burg 2003); 
  agricultural residues, oat straw (Contreras- Ramos et al. 
2005); 
  spent mycelia (Majumdar et al. 2006); and 
  paper mulch (Ndegwa and Thompson 2000) 
Although, research has found that straw-based materials 
take considerably longer for worms to fragment during ver-
micomposting (Edwards and Arancon 2004), two of the 
most widely-available and low cost organic materials on the 
MD are rice straw (RS) and aquatic weeds. Rice is harves-
ted two-three times per year on the MD leaving large quan-
tities of RS which is most commonly disposed of by bur-
ning. The free-floating aquatic weed, Eichhornia crassipes, 
commonly called water hyacinth (WH), is a severe environ-
mental and economic problem in many tropical and subtro-
pical parts of the world (Gupta et al. 2007) and is prolific in 
the waterways of the MD (Chomchalow and Pongpangan 
1976). 
The following experiment investigates the vermicom-
posting potential of AS by the worm Perionyx excavatus. 
Briefly refer to preliminary experiments that suggested 
Perionyx excavatus was the best worm to use. 
The following research questions were examined: 
1.  Is a bulking material necessary for vermicomposting 
AS? 
2.  Is AS a suitable material for vermicomposting by P. 
excavatus? 
3.  Are RS and/or WH suitable bulking material/s for AS 
vermicomposting? and 
What is the optimum ratio of AS to bulking material 
(RS and/or WH), in terms of worm production and final VC 
composition? 
 
MATERIALS AND METHODS 
 
The following experimentation was carried out at the Cuu Long 
Rice Research Institute (CLRRI), O’Mon, Vietnam. Aquaculture 
sludge was collected locally from a freshwater earth-pond stocking 
the catfish Pangasianodon hypophthalmus. Following fish harvest, 
sludge was pumped onto adjacent land where dewatering occurred. 
Rice straw was collected locally two months prior to use and WH 
was collected from a waterway bordering the CLRRI one month 
prior to use and air-dried. Rice straw and WH were cut to lengths 
 10 cm and soaked in water for 24 hrs prior to mixing with AS. 
Materials were drained of excess water before mixing with AS. 
The characteristics of AS, RS and WH used in this experiment are 
given in Table 1. 
Vermicomposting was carried out in 10 L plastic containers 
with perforated lids and bases to provide aeration and drainage (~1 
mm diameter). Adult P. excavatus, raised on cow manure, were 
cleaned of excess dirt and weighed before being placed in vermi-
composting containers. Each container was inoculated with 25 P. 
excavatus  worms. Treatments were made in triplicate and con-
tainers were kept in complete darkness with ~70-75% moisture 
content at temperatures ranging from 25-30°C. Nine treatments (A 
through I), containing various mixtures of AS, RS and WH (Table 
2), were constructed. Vermicomposting was conducted for 53 days, 
a period determined to be adequate by visual observation of the 
breakdown of materials. 
At the completion of vermicomposting, three substrate sam-
ples were collected from each container, with each sample being a 
composite mixture of material throughout the container. Adult 
worms were hand sorted from each treatment container, counted 
and weighed. Adults were identified by the presence of a clitellum. 
Following removal of adults, a 50 g subsample of the material was 
weighed and juvenile worms and cocoons counted. 
Vermicast analysis was conducted according to the methods 
used by the Soil Science Department of CLRRI. The Vietnamese 
reference methods (Nhà Xu t B n Nông Nghi p n.d.) have been 
translated from multiple sources, principally Jackson (1958) and 
Hesse (1971). 
Data was analysed using one-way ANOVA at the 5% level of 
significance in Microsoft Excel. A test of least significant dif-
ference (LSD) was used to identify differences between means. 
 
RESULTS 
 
Worm mortality and reproduction 
 
Worm mortality rates ranged from 28.0 ± 18.0% (treatment 
C) to 77.3 ± 13.1% (treatment F) but there were no signi-
ficant difference among treatments (P < 0.2). There was 
also no significant difference in cocoon numbers among 
treatments (P < 0.4) with numbers ranging from 0.3 ± 0.3 
cocoons per 50 g substrate (treatment G) to 4.3 ± 1.2 co-
coons per 50 g substrate (treatment E). However, a signi-
ficant difference in the average number of juveniles among 
treatments was observed (P < 2.0 × 10
-4) (Fig. 1). Treat-
ment A (100% AS) had the lowest number of juvenile 
worms (1.3 ± 0.3), significantly lower than all other treat-
ments except F and G (4.0 ± 0.6 and 3.7 ± 2.2 juveniles, 
respectively). With the exception of treatment F, all treat-
ments with 70-80% AS (B, C, E and H) were not signifi-
cantly different but when comparing mixtures with 60 and 
80% AS, there was a significant drop in juvenile numbers 
when the lower percentage of AS was used (i.e. B (80% AS) 
> D (60% AS) and E (80% AS) > G (60% AS). The H (70% 
AS) and I (60% AS) treatments containing both RS and WH 
also had a significantly higher number of juveniles where a 
higher proportion of AS was used (13.3 juveniles and 7.0 
juveniles, respectively). 
 
Chemical analysis 
 
There was a significant difference in total N (TN) and avail-
able N (AN) among treatments (P < 2.33 × 10
-8 and 0.02, 
respectively) (Fig. 2). Treatment A (0.48 ± 0.34% N) pro-
duced the VC with the lowest total N and treatments G and 
Table 1 Characteristics of aquaculture sludge, rice straw and water hya-
cinth. 
Characteristic AS  RS    WH 
C:N ratio  21.9  48.1  57.4 
TC
 a  10.7 ± 0.19  68.3 ± 5.48  71.7 ± 1.18 
TN
 a  0.49 ± 0.01  1.42 ± 0.02  1.25 ± 0.04 
TP
 a  0.44 ± 0.01  0.33 ± 0.00  0.47 ± 0.01 
TK
 a  1.53 ± 0.23  1.11 ± 0.06  5.79 ± 0.27 
Available N
 b  285 ± 4.67  -  - 
Available P
 b  199 ± 38.1  -  - 
Exchangeable K
 b  531 ± 155.6  -  - 
Mg
 a  0.3 ± 0.01  0.24 ± 0.01  0.6 ± 0.02 
Ca
 a  0.01 ± 0.00  0.23 ± 0.01  0.86 ± 0.13 
Fe
 a  3.81 ± 0.3  0.08 ± 0.01  0.17 ± 0.01 
Mn
 a  0.06 ± 0.01  0.05 ± 0.00  1.09 ± 0.13 
Cu
 b  168 ± 15  5.33 ± 1.2  6.33 ± 1.45 
Zn
 b  250 ± 43.3  178 ± 8.41  29.3 ± 1.2 
pH (1:4)  6.8 ± 0.01  7.8 ± 0.04  7.4 ± 0.07 
EC (1:4)
 c  0.54 ± 0.03  1.31 ± 0.24  4.6 ± 0.25 
a percentage (%) 
b mg kg
-1 
c mS cm
-1 
AS: aquaculture sludge, RS: rice straw, WH: water hyacinth, C:N: carbon to 
nitrogen ratio, TC: total carbon, TN: total nitrogen, TP: total phosphorus, TK: 
total potassium, Mg: magnesium, Ca: calcium, Fe: iron, Mn: manganese, Cu: 
copper, Zn: zinc, EC: electrical conductivity 
 
Table 2 Treatments and the mixture ratios (by dry weight) of aquaculture 
sludge, rice straw and water hyacinth used for each treatment. 
Constituent (%) (dry weight)  Treatment Name 
AS RS WH 
A 100  -  - 
B  80 20 - 
C  70 30 - 
D  60 40 - 
E 80  -  20 
F 70  -  30 
G 60  -  40 
H  70 10 20 
I  60 20 20 
AS: aquaculture sludge, RS: rice straw, WH: water hyacinth 
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Fig. 1 Number of juvenile worms in a 50 g subsample after 53 days vermicomposting. See Table 2 for details of Treatments. Vertical bars indicate stan-
dard errors for the mean of three replicates. 
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Fig. 2 Total nitrogen (TN) (%) and available nitrogen (AN) (mg kg
-1) after 53 days vermicomposting. Values represent mean ± standard error (SE). 
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Fig. 3 Total phosphorus (TP) (%) and available phosphorus (AP) (mg kg
-1) after 53 days vermicomposting. Values represent mean ± standard error (SE). 
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I resulted in the highest (0.91 ± 0.04% N; 0.94 ± 0.02% N), 
which was significantly higher than all treatments. Total N 
increased significantly with increasing bulking material for 
RS (D > C > B), WH (E > F > G) and RS + WH (H > I). 
However, available N did not follow the same pattern and 
no trend was apparent. 
The results also show a significant difference in total P 
(TP) and available P (AP) among treatments (P < 3.63 × 10
-4 
and 9.25 × 10
-10, respectively) (Fig. 3). In treatments C, D 
and F, G, where bulking material proportions were higher 
(i.e. 30-40%), TP was significantly higher in treatments 
with WH than treatments with RS. Available P was also sig-
nificantly higher in treatments containing WH (E-I) com-
pared to those without (A-D). Available P was also signifi-
cantly higher where more AS was present with D (80% AS) 
> B (60% AS) and G (80% AS) > F (70% AS) > E (60% 
AS). 
There was a significant difference in total K (TK) and 
exchangeable K (EK) among treatments (P < 2.59 × 10
-5 
and 1.65 × 10
-13, respectively) (Fig. 4). Treatments con-
taining WH (E-I) had significantly higher TK and EK than 
those with only RS (B-D). Treatment A had significantly 
higher TK than treatments with AS+RS (B-D) but had the 
lowest EK. Treatment I had significantly higher TK (2.69 ± 
0.14%) than all treatments but G. Treatment G had the 
highest EK (8457 ± 366 mg kg
-1). 
Treatment A had significantly lower (P < 0.01 × 10
-8) 
C:N than most treatments (19.7 ± 0.62), with the exceptions 
of treatments E and F (Fig. 5). The WH treatments had a 
significantly lower C: N than the RS treatment of the same 
mixture ratio (i.e. E (20% RS) < B (20% WH), C (30% RS) 
< F (30% WH), D (40% RS) < G (40% WH)). There was no 
significant difference between treatments H and I. 
The pH of treatments containing WH (7.20–7.78) was 
significantly higher than those treatments without WH 
(6.04–6.57) (P < 8.27 × 10
-10). Electrical conductivity (EC) 
was also significantly higher in treatments containing WH 
(2.07–3.07 mS cm
-1) compared to those without (1.03–1.49 
mS cm
-1) (P < 1.06
 × 10
-8). 
Treatments with WH also contained significantly higher 
Mn, Mg and Ca than treatments without WH (Fig. 6). Treat-
ments with higher AS tended to have higher Zn, Cu and Fe 
(Table 3), though this difference was only significant when 
comparing treatments with 80% AS to those with 60%. 
 
DISCUSSION 
 
Aquaculture sludge and rice straw characteristics 
 
When comparing the AS used in this study to that described 
in Buyuksonmez et al. (2005) and Marsh et al. (2005), large 
differences in characteristics of the waste are evident (Table 
4). Total C of AS found in the present study was less than 
half of that used by Buyuksonmez et al. (2005) and together 
Buyuksonmez et al. (2005) and Marsh et al. (2005) reported 
total N and P levels 7-11 fold higher than that found on the 
MD. The micronutrients of the AS in Vietnam were also 
generally lower with the notable exception of Fe, which 
was much higher. However, the AS characteristics of the 
present study were comparable to the average of 12 farms 
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Fig. 5 Carbon to nitrogen (C:N) ratios in treatments A-I after 53 days vermicomposting. Values represent mean ± standard error (SE). 
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in the neighbouring Vietnamese province of An Giang (Cao 
et al. 2009). 
These differences are likely attributed to the differing 
aquaculture systems from which the AS was taken. Marsh 
et al. (2005) collected AS from a highly intensive recircu-
lating aquaculture system and Buyuksonmez et al. (2005) 
collected AS from a flow-through system, both of which 
filter water and create smaller volumes of concentrated waste. 
In comparison, the extraction of AS in Vietnam by pumping 
sediment from pond beds is likely to result in a mixture of 
AS and soil which would act to dilute some nutrients in the 
AS, but add others such as Fe from the soil. 
The low nutrient concentrations of AS used in the pre-
sent study have implications for worm growth, survival, 
reproduction, vermicomposting rate and quality of VC pro-
duced. Suthar (2007) found that waste decomposition and 
worm production was associated strongly with the quality 
of the substrate. Low nutrients in the MD AS are likely to 
result in reduced decomposition and worm production. Also, 
low levels may restrict the increase of microbial popula-
tions, the main mechanism of waste decomposition during 
vermicomposting (Edwards and Bohlen 1996). Low AS 
nutrient content has implications for the nutrient content of 
VCs produced from it although final nutrient values depend 
also on the bulking material used. 
VCs often require inorganic supplements for use as a 
fertiliser (e.g. Arancon et al. 2003). Arancon et al. (2003) 
supplemented cow manure VC with inorganic N fertiliser 
even though the VC contained 1.9% N, almost 4-fold more 
than total N of AS found in present experiment. Hence, 
nutrient supplementation may ultimately be necessary to 
enhance the quality of VC made from AS in the MD so that 
it can be used as a complete organic fertiliser. 
The RS used in the present experiment is relatively high 
in N and P (Table 1). Rice straw usually contains approxi-
mately 0.5-0.8% N, 0.07-0.12% P and 1.2-1.7% K (Dober-
mann and Fairhurst 2000). Therefore the total N and P val-
ues recorded in Table 1 may not be representative of RS on 
the MD and may affect the calculated nutrient supplements 
required when using the VC as an organic fertiliser (as dis-
cussed below). Nevertheless findings of the present experi-
ment illustrate comparative differences among treatments 
that should not be affected by higher than usual nutrient 
levels in the RS. 
 
AS vermicomposting for worm production 
 
The results indicate that a bulking material may be required 
to improve worm reproduction in AS. Treatment A, with no 
bulking material, contained very low juvenile numbers at 
the termination of vermicomposting compared to other 
treatments, particularly those with 20% bulking material. 
Vigueros and Camperos (2002) found that 70% sewage 
sludge with 30% WH resulted in higher cocoon production 
than 98% sewage sludge and 2% WH and Bhattacharjee 
and Chaudhuri (2002) observed a higher reproduction rate 
of P. excavatus in mixtures of cow dung with straw com-
pared to cow dung alone. Together with the present results, 
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Fig. 6 Manganese (Mn), magnesium (Mg) and calcium (Ca) concentrations after 53 days vermicomposting. Values represent mean ± standard error (SE). 
Table 3 Iron, zinc and copper concentrations after 53 days vermicompos-
ting.   
Treatment Fe
a Zn
 b Cu
 b 
A  4.43 ± 0.41  260 ± 40  20.7 ± 2.6 
B  3.85 ± 0.12  237 ± 9.0  19.0 ± 1.5 
C  2.74 ± 0.20  180 ± 12  15.0 ± 1.0 
D  2.67 ± 0.19  183 ± 35  15.3 ± 1.9 
E  4.29 ± 0.16  240 ± 17  21.7 ± 1.7 
F  3.75 ± 0.37  230 ± 35  17.0 ± 2.1 
G  3.00 ± 0.46  170 ± 21  14.3 ± 1.5 
H  3.56 ± 0.30  230 ± 25  18.7 ± 0.3 
I  3.64 ± 0.11  260 ± 15  19.0 ± 1.2 
a Percentage (%)
 
b mg kg
-1 
Fe: iron, Zn: zinc, Cu: copper 
 
Table 4 Characteristics of aquaculture sludge reported in four separate 
studies. The results shown in CARD (n.d.) are averaged from the charac-
teristics of 12 fresh water pond farming systems in An Giang province, 
Vietnam.  
Data source  Characteristic 
Buyuksonmez 
et al. (2005) 
Marsh et al. 
(2005) 
CARD 
(n.d.) 
Present 
study 
C:N ratio  7.1  -  15.6  21.9 
TC
a 24  -  5  10.7  ±  0.19
TN
a 3.4 3.8 0.32  0.49  ±  0.01
TP
a -  3.3 0.28  0.44  ±  0.01
TK
a -  0.2 1.1  1.53  ±  0.23
Available N
b  453  -  -  285 ± 4.67 
Mg
a  -  0.4  -  0.6 ± 0.02 
Ca
a -  6.58  0.01  0.86  ±  0.13
Fe
a -  0.2 3.9  0.17  ±  0.01
Mn
a -  0.03  0.05  1.09  ±  0.13
Cu
b -  77  35  6.33  ±  1.45
Zn
b -  1070  111  29.3  ±  1.2 
a percentage (%) 
b mg kg
-1 
C:N: carbon to nitrogen ratio, TC: total carbon, TN: total nitrogen, TP: total 
phosphorus, TK: total potassium, N: nitrogen, Mg: magnesium, Ca: calcium, Fe: 
iron, Mn: manganese, Cu: copper, Zn: zinc 
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these findings suggest sludge proportions close or equal to 
100% are not optimal for worm reproduction. A lower oxy-
gen level in the sludge without a bulking material is a pos-
sible cause of the lower numbers, however, no measured 
data are available to either confirm or dismiss this hypothe-
sis (although no sign of anaerobic conditions were detected). 
Though P. excavatus does not appear to reproduce well 
without a bulking material present, juvenile numbers indi-
cated that P. excavatus reproduced better in the higher pro-
portions of AS. When comparing the number of juveniles in 
80% AS (with 20% bulking material) to 60% AS (with 40% 
bulking material), the number of juvenile worms were sig-
nificantly higher in the former. These results are supported 
by Marsh et al. (2005) who found that substrates with 
higher aquaculture sludge contents improved worm growth. 
Therefore, it is possible that P. excavatus prefers a small 
amount of bulking material in the AS for reproduction as 
opposed to none or too much. 
The death of some P. excavatus adults was apparent in 
the present experiment however, no significant difference 
was found in worm mortality among treatments (data not 
shown). The results do not support those of Suthar (2009) 
who found that worm mortality was higher in higher pro-
portions of sewage sludge. A number of possible factors 
may have contributed to worm mortality including substrate 
water content, temperature during vermicomposting and 
feed constituents (i.e. heavy metals). 
The moisture and temperature preferences of P. exca-
vatus are relatively well researched. Hallatt (1992) found 
that P. excavatus grew and reproduced best when substrate 
water levels were between 75.2 and 83.2% (w/w). The 
water content of the VC in the present experiment ranged 
between 70 and 80% and so is an unlikely cause of P. exca-
vatus mortality. The temperature conditions within vermi-
composting containers may have hindered P. excavatus sur-
vival. Edwards et al. (1998) found that survival of P. exca-
vatus  at 30°C in digested sewage was low compared to 
those kept at 25°C. The temperatures within containers 
during this experiment (averaging 30.3 ± 0.16°C) may have 
negatively affected worm survival. 
Heavy metal content within the feed materials can also 
affect worm survival if levels are toxic. Kuperman et al. 
(2004) found that 0.12% available Mn was toxic to worms. 
Although available Mn was not tested in the present experi-
ment, total Mn was 0.18-0.32%. Manganese becomes avail-
able at a pH of < 6 and at low oxygen saturation (Porter et 
al. 2004). Although pH of VCs in the present experiment 
was > 6, oxygen levels may have been sufficiently low to 
increase the availability of Mn and thus cause toxicity to 
worms. However, oxygen levels were not recorded and this 
hypothesis cannot be substantiated without further investi-
gation. Apart from Mn, levels of total Cu and Zn within 
VCs are well below the highest levels tested by Malley et al. 
(2006) (1642 mg Cu kg
-1 and 2492 mg Zn kg
-1) which 
caused no death of Eisenia fetida worms. Amounts of avail-
able Fe and Mg are also likely to exist at low levels of 
availability due to near neutral pH in the VC. Overall, there 
is little evidence that worm mortality was caused by heavy 
metals within the feed. 
 
AS vermicomposting for organic fertiliser 
production 
 
VC produced from a variety of wastes has been found by 
many (including Edwards and Burrows (1988), Atiyeh et al. 
(2000), Manna et al. (2003), Marinari et al. (2000) and 
Domínguez (2004)) to improve growth of a wide variety of 
plant species. A desirable organic fertiliser is rich in N, P 
and K, which are released into the soil over time. The re-
sults of the present study indicate that final quality of VC 
nutrient content is very dependent on the initial materials. 
Total N of the final VC increased with increasing bulking 
material content, which is expected as the total N of RS and 
WH was higher than AS. Total P and K of the final VC in-
creased when WH was present, which is expected because 
WH had higher total P and total K than AS or RS. The final 
micronutrients, pH and EC of the VCs can also be ex-
plained by initial AS, RS and WH characteristics. Thus the 
characteristics of the initial materials seem to be a good 
indication of the quality of the VC produced. 
Water hyacinth is, perhaps, preferable for use as a bul-
king material over RS. As previously discussed, there was 
no significant difference in worm mortality or reproduction 
when WH was used in comparison to RS. However, in 
terms of the final nutrient content of the waste, VCs with 
WH had more P and K than those with only RS. As noted 
previously, the RS used in the present study had higher than 
usual total N and P, hence RS may be even less favourable 
if poorer quality RS was used. Therefore, for the production 
of an organic fertiliser, the inclusion of WH appears desira-
ble. 
Before use as an organic fertiliser, it is desirable that the 
VC is fully mature. In recent years, researchers have at-
tempted to establish reliable parameters to determine com-
post maturity. Although a general maturity index is imprac-
tical due to the wide variety of materials used in various 
composting processes, Bernal et al. (1998) determined a 
compost maturity index for a sewage sludge and maize 
straw mixture (79:21 dry weight basis), two materials simi-
lar to the AS and RS used in the present study. Maturity was 
calculated to be reached when C:N was 8.6, total N 3.2% 
and total carbon 27%. According to this maturity index, 
C:N of all present VCs was too high, total N too low and 
total carbon too high for full maturity to have been reached. 
It is suggested that vermicomposting of AS using RS and 
WH take place over a longer time period which would 
allow more complete processing of materials by worms. 
The amount of VC required to fertilise various crops 
can be calculated using recommended inorganic fertiliser 
quantities. The following example shows the required VC 
to fertilise a rice crop on the Mekong Delta during the dry 
season, although comparisons to other food crop require-
ments could also be made. Cuu Long Rice Research Insti-
tute rice fertiliser recommendations were used for calcula-
tions; 100 kg of N ha
-1, 26 kg P ha
-1
 and 53 kg K ha
-1 ap-
plied 7, 21 and 45 days after sowing seed (CARD 2009). 
The 60:20:20 (AS: RS: WH) VC was used for the following 
example due to its high total N, total P and total K (Table 5). 
Table 6 shows the calculated amount of VC required to 
provide nutrients equivalent to that recommended by 
CLRRI. If however, the massive 738,880 kg ha
-1 of VC is 
applied to the crop in order to supply sufficient N, there will 
Table 5 Characteristics of vermicompost produced from 60:20:20 (AS: 
RS: WH). 
Characteristic Mean 
C:N ratio  25.3 ± 1.0 
TC
 a 23.7  ±  14 
TN
 a 0.94  ±  0.0 
TP
 a 0.44  ±  0.0 
TK
 a 2.69  ±  0.1 
Available N
b  677 ± 79 
Available P
 b  463 ± 6.4 
Exchangeable K
 b  6707 ± 393 
Mg
 a 0.43  ±  0.0 
Ca
 a 0.02  ±  0.0 
Fe
 a 3.64  ±  0.1 
Mn
 a 0.55  ±  0.1 
Cu
 b 19.0  ±  1.2 
Zn
 b  266 ± 15.3 
pH (1:4)  7.37 ± 0.1 
EC (1:4)
c 2.37  ±  0.2 
H2O
 a 75  ±  0.7 
a percentage (%) 
b mg kg
-1 
c mS cm
-1 
C:N: carbon to nitrogen ratio, TC: total carbon, TN: total nitrogen, TP: total 
phosphorus, TK: total potassium, N: nitrogen, P: phosphorus, Mg: magnesium, 
Ca: calcium, Fe: iron, Mn: manganese, Cu: copper, Zn: zinc, EC: electrical 
conductivity, H2O: moisture content 
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be excessive amounts of P and K. Overtime the excess 
nutrients are likely to make their way into ground and sur-
face water causing pollution and eutrophication. Conversely, 
if 39,517 kg ha
-1 is applied, the crop is likely to be N and P 
deficient and inorganic supplements of approximately 73.3 
kg ha
-1 of N and 7.7 kg ha
-1 of inorganic P would be re-
quired. However, the application of such large quantities of 
VC is highly impractical. This supports the notion that sup-
plementing VC with inorganic nutrients to achieve the opti-
mal concentration of nutrients and nutrient balance for crop 
production is desirable. 
Over time and with subsequent crops, mineralisation of 
vermicomposted material will continue. The release of nut-
rients from composts and processed organic manures are 
generally slower than nutrient release from mineral fertili-
zer (Adegbidi et al. 2003). Atiyeh et al. (2000) found that, 
over an extended time period, as nutrients became more and 
more limiting, plants in VC outgrew plants in commercial 
fertiliser. Thus further research should investigate the value 
of VC to crops compared to inorganic fertilisers over a 
number of successive crops and extended time period. 
Macronutrients are also important when considering VC 
for use as an organic fertiliser. According to Dobermann 
and Fairhurst (2000), Fe and Mn become toxic to rice in 
soils above 300-500 mg kg
-1 (0.03-0.05%) and 800-2500 
mg kg
-1 (0.08-0.25%), respectively. The levels found in the 
VC (3.64 ± 0.01% Fe and 0.55 ± 0.01% Mn), are consi-
derably higher than these levels, thus monitoring would be 
required to ensure a toxic build-up does not occur under the 
crop. Limiting Mn in the VC is possible by reducing the 
amount of WH in the mixture whereas limiting of Fe, found 
naturally in soil of the MD, would be difficult. Copper and 
Zn are also high in the VC (19.0 ± 1.2 mg Cu kg
-1 and 266 
± 15.3 mg Zn kg
-1). Soil toxicity levels for rice occur >20 
mg Cu kg
-1 and >600 mg Zn kg
-1 (Dobermann and Fairhurst 
2000) so monitoring of these nutrients would also be re-
quired to prevent a build up of toxic levels. As high levels 
of Cu and Zn result from the AS, inputs into the fish pond 
in the form of fish feed, should be investigated and attempts 
made to restrict the source if vermicomposted AS is to be 
used as an organic fertiliser. 
 
CONCLUDING REMARKS 
 
Aquaculture sludge appears to be a suitable material for 
vermicomposting with P. excavatus. However, the bulking 
material and mixture ratio selected for AS vermicomposting 
may depend on the desired product output: worms or VC. If 
a high worm biomass is desired, a mixture with a higher 
proportion of AS is recommended (e.g. 80%). If the VC is 
desired as an organic fertiliser, a mixture with a lower pro-
portion of AS (60%) appears to more desirable due to the 
higher nutrient contents within the bulking materials, espe-
cially WH which contained higher P and K, compared to AS. 
However the long time period required to fully breakdown 
RS and WH would need to be taken into consideration. If 
VC is used as an organic fertiliser, it is likely that inorganic 
nutrient supplements would be required to supply the full 
requirements of the crop. 
It is recommended that further research investigates the 
value of vermicomposted AS as a fertiliser for a variety of 
food crops over a number of seasons. Long-term benefits of 
its use should be quantified in comparison to the use of in-
organic fertilisers. Further research could also be conducted 
to optimise the output of the desired product; VC or worms. 
The nutritional value and economical value of feeding 
worms to fish should be investigated in order to promote 
further sustainable cycling of nutrients. A cost-benefit ana-
lysis should be undertaken to weigh the labour and time 
costs necessary to manage and apply the VC waste/fertiliser 
against financial savings of reduced inorganic fertiliser use 
and any increased crop production. Despite the potential 
environmental benefits of implementing an AS vermicom-
posting recycling system, implementation on a large scale 
needs to be driven by a clear financial benefit to farmers on 
the MD. 
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